Basal cell carcinoma (BCC), a malignant neoplasm derived from non-keratinizing cells that originate in the basal layer of the epidermis, is the most common cancer in humans. Several factors such as anatomic location, histologic features, primary or recurrent tumors, and patient characteristics influence the choice of treatment modality for BCC. Mohs micrographic surgery (MMS) facilitates optimal margin control and conservation of normal tissue for the management of BCC; however, other treatment modalities may also be implemented in the correct clinical scenario. Other treatment modalities that will be reviewed include simple excision, electrodesiccation and curettage, cryotherapy, topical immunotherapy and chemotherapy, photodynamic therapy, and radiation therapy. In addition, targeted molecular therapeutic options for the treatment of advanced or metastatic BCC will be discussed in this informal review based on recent literature obtained by using PubMed with relevant search terms.
Introduction
There are 2.8 million new cases of BCC diagnosed each year in the United States and 700,000 new cases annually in Europe [1, 2] . There are more skin cancers in the population of the United States than there are all other cancers combined, and it is estimated that one in five Americans will develop skin cancer during their lifetime (over 95% will be non-melanoma skin cancers) [3] . BCC, a malignant neoplasm derived from non-keratinizing cells that originate in the basal layer of the epidermis, is the most common cancer in humans. Recent studies have demonstrated a dramatic increase in the incidence of BCC among a younger population and particularly in women [4] [5] [6] [7] . However, men generally have higher rates of BCC than do women (1.5 to 2:1) [8] . It has been postulated that the reason for this increase is the aging population, changes in sun exposure habits, environmental changes, migration patterns, and, to a lesser extent, increased prevalence of immunosuppressant use [9, 10] . Of note, there has been a recent attempt to shift the classification of BCCs and squamous cell carcinomas (SCCs) from non-melanoma skin cancer to "keratinocyte carcinomas" because of their shared lineage with keratinocytes [11] . The authors currently refer to BCCs and SCCs specifically because of differences in biological behavior and management consideration.
Pathogenesis
The pathogenesis of BCC involves exposure of the skin to ultraviolet (UV) light, particularly the UV B spectrum (290 to 320 nm) that induces mutations in tumor suppressor genes [12, 13] . A latency period of 20 to 50 years has been described between the time of UV damage and the onset of the tumor. In most cases, BCCs develop on sun-exposed skin in the elderly, most commonly on the head and neck; however, the incidence of BCC has been rising in younger individuals, particularly women [14] . In addition, genetic syndromes such as basal cell nevus syndrome (BCNS), also called Gorlin syndrome and Xeroderma pigmentosum, predispose children and young adults to BCCs.
Clinical features and diagnosis
Clinically, BCCs may be recognized by their translucency, ulceration, telangiectasias, and the presence of a rolled border; however, it is important to note that features vary by clinical subtype, which include nodular (the most common subtype found on the head and neck), superficial, morpheaform, pigmented BCCs, and fibroepithelioma of Pinkus. The suspicious lesion is typically biopsied by a dermatologist via a shave or punch biopsy, and a pathologist confirms the diagnosis and histologic subtype with permanent sections. The shave biopsy technique is appropriate for most BCCs as the lesions are raised and involve the epidermis and papillary with or without reticular dermis, and thus deep subcutis and fat are not necessary to establish the diagnosis histologically. However, a punch biopsy may be useful for morpheaform BCCs that can be flat or atrophic and for recurrent BCCs occurring within a scar. Regardless of biopsy technique, full-thickness epidermis and dermis should be taken in order to adequately assess the BCC subtype and level of invasion.
Aggressive features
The National Comprehensive Cancer Network (NCCN) stratifies BCCs into low-and high-risk subtypes based on location, size, borders, recurrence, immunosuppression, site of prior radiation treatment, pathological subtype, and evidence of perineural involvement [15] . Generally, BCCs tend to be indolent tumors; however, when located on the ear, nose, eyelid, and lip, they are part of the "H" zone, where there is a demonstrably higher recurrence rate and potential to invade locally, resulting in tissue damage to vital structures [16] . Histologic subtypes ranging from lessaggressive patterns such as nodular and superficial to more-aggressive patterns such as infiltrative, micronodular, basosquamous, and sclerosing or morpheaform also subdivide BCCs. The aggressive subtypes are frequently more ill-defined clinically with less predictable radial growth patterns leading to greater subclinical extension of tumor. When viewed by traditional "bread loaf" processing of permanent sections after standard or staged excisions, these areas of tumor extension can be missed, leading to a false-negative result [17] .
Although most BCCs are indolent slow-growing tumors, they may manifest aggressive behavior such as perineural invasion and metastatic disease. Perineural invasion, which is defined as the observation of malignant cells in the perineural space of nerves, has been reported (fewer than 0.2% of cases) [18] [19] [20] . When perineural invasion is detected, every effort should be made to clear the tumor, preferably by MMS, and at times adjuvant radiation therapy is employed. Patients with gross perineural invasion as indicated by neurologic symptoms may benefit from preoperative magnetic resonance imaging to assess the extent of tumor spread. Clinical manifestations of perineural disease may include brow paralysis due to involvement of the temporal branch of the facial nerve and mid-face paresthesias due to involvement of the trigeminal nerve. The estimated incidence of metastatic BCC has been reported to be between approximately 0.0028%, or 28 cases per 1,000,000 BCC diagnoses, but has been cited as high as 0.5% [21] . Notably, over 80% of metastatic BCCs originate from primary BCCs of the head and neck [22] . BCCs that metastasize to either local or distant lymph nodes or distant organs are collectively known as advanced BCCs. A recent retrospective case series of patients with advanced BCCs followed at a tertiary care center from 1997 to 2011 suggested a median survival time of 7 years [23] . The treatment of advanced BCC will also be covered.
Management

Surgical options
Standard excision
Standard excisions with a predetermined margin are useful for small primary BCCs on the trunk or extremities (less than 2 cm) and without aggressive histologic features. During standard surgical excision of a BCC, it is imperative to mark the clinical margin of the tumor (or prior biopsy site) and intended surgical margins before infiltration of anesthesia as this causes distortion of the tissue. A standard excision is performed in an outpatient setting with local anesthesia and excision with a 4 mm margin around the clinically apparent border of the tumor, down to subcutaneous fat. The authors advocate curettage prior to excision to delineate tumor margins as it has been shown to decrease surgical failure rate by 24% in BCC and is routinely performed by most dermatologic surgeons [24] . Standard excision is the mainstay of treatment for primary BCCs with non-aggressive histology (nodular or superficial), occurring on low-risk sites (trunk/extremities), where tissue conservation is not imperative (nondigital or genital skin). It has been demonstrated that a 4 mm surgical margin eradicates well-defined primary BCCs of less than 2 cm in 95% of cases [25] . However, facial nodular BCCs of less than 1 cm in diameter removed via standard excision with 1-, 2-, and 3 mm margins lead to positive margins in 16%, 24%, and 13% of tumors, respectively [26] . The temptation to conserve tissue on the face while removing BCCs may lead surgeons to employ inadequate margins, resulting in margin positivity during standard excision. It has also been reported that with standard excision the pathologically reported incomplete excision rate was over 10% and was significantly associated with the location on the face, particularly on the nose and inner canthus, and with infiltrative and multifocal histologic types [27] . When BCCs on the face are incompletely excised, these tumors recur between 12% and 41% of the time [28] , and studies demonstrate greater efficacy of recurrent tumor clearance by using MMS versus standard re-excision [29, 30] .
Mohs micrographic surgery
In the 1930s, Frederic E. Mohs, a general surgeon, developed a technique of excisional surgery in which a complete margin of skin cancer was plotted in three dimensions [31] . The procedure was initially termed "chemosurgery" because it involved chemical fixation in situ before excision using zinc chloride as a fixative, combined with a permeant, and an agglutinant, which were applied to tissue in vivo while maintaining cytological detail for microscopic evaluation [32] . After this process, the tumor, along with a narrow margin of healthy tissue, was excised, and frozen sections were generated with the deep and peripheral margins in a single horizontal plane, allowing the tumor to be precisely mapped microscopically. The process has been modified with the replacement of zinc chloride fixation with local anesthesia and frozen section processing, which expedited the procedure while maintaining high cure rates.
MMS facilitates optimal margin control and conservation of normal tissue in the management of non-melanoma skin cancer [33] [34] [35] . Mohs surgeons generally perform MMS in an office setting by using local anesthesia for selected BCCs. At times, if a particular tumor requires an interdisciplinary approach (for example, an aggressive tumor infiltrating vital structures in the orbit or involving the parotid gland or facial nerve), MMS may be performed in the operating room under general anesthesia in conjunction with other surgical subspecialists such as otolaryngologists, surgical oncologists, or ophthalmologists. To perform MMS and reconstruction, the surgeon must ensure that he or she has well-trained assistants and a lab equipped for processing and reading the fresh frozen sections. The tumor is initially identified on the basis of a prior biopsy site and preferably photographs and triangulation from the physician who initially performed the definitive biopsy. The site is marked and infiltrated with local anesthesia. The tumor is debulked by using a curette, which further delineates macroscopically normal from malignant tissue by the surgeon's tactile sensation during curettage. Next, the specimen is excised tangentially, with a 45 degree angle initially. This beveled edge is in direct contrast to the 90 degree edge used during a standard excision. The beveled edge is crucial for processing leading to evaluation of the entire surgical margin after the specimen is mapped and frozen sections are prepared.
Optimal margin control is obtained by examination of the entire peripheral margin of the specimen and contiguous deep margin. Meticulous mapping allows the surgeon to remove any residual tumor in directed fashion. A defining feature of MMS is that the surgeon excises, maps, and reviews the specimen personally, minimizing the chance of error in tissue interpretation and orientation. If the Mohs surgeon, also acting as the pathologist, notes malignant cells on the margins of a section, it is marked and an additional stage is taken from the area of positivity. The process is repeated until the tumor margins are free. Next, the defect is allowed to heal by secondary intention or repaired with a linear closure, flap, or graft, depending on the size of the defect, anatomic location, and patient preference and comorbidities. Notably, there is continued investigation into using multimodal spectral imaging and Raman microspectroscopy as an alternative to traditional frozen section processing and staining during MMS; however, this technology has not yet been implemented in the clinical arena and is beyond the scope of this review [36] .
MMS is the treatment of choice for recurrent BCCs as well as primary BCCs located on anatomic sites requiring maximal tissue conservation for preservation of function and cosmesis. It has been demonstrated that MMS has a 99% cure rate for primary BCCs, compared with 91.3% for other methods [37] . In terms of recurrent BCCs, after treatment with MMS, a second recurrence will occur at a rate of 5.6%, as opposed to 17.6% for standard excision, 9.8% after radiation therapy, and 40% after curettage and desiccation [38] . This is particularly relevant to dermatologic and head-and-neck surgeons approaching facial cutaneous BCCs where the desire to avoid disfigurement and functional impairment is crucial and can lead to inadvertently performing inadequate standard excisions. MMS allows the surgeon to be flexible in the setting of positive margins and tailor the reconstruction in real time rather than having to bring the patient back for a second procedure if positive margins are identified by permanent section. One large prospective cohort study also found that MMS was an independent factor for higher long-term patient satisfaction, when compared with standard excision or electrodesiccation and curettage (EDC). Notably, in 2012, an ad hoc task force composed of members of the American Academy of Dermatology, the American College of Mohs Surgery, the American Society for Dermatologic Surgery, and the American Society for Mohs Surgery developed appropriate use criteria aimed at developing clinical guidelines for MMS indications [39] . A consensus for 270 scenarios for which MMS is frequently considered on the basis of tumor and patient characteristics was reached and the authors use them to guide their clinical practice. A mobile application has been developed and can be downloaded at [40] .
Destructive modalities
Electrodesiccation and curettage EDC is frequently used by dermatologists to treat BCCs with variable cure rates reported because of the high level of operator dependence. The procedure involves anesthetizing the lesional and perilesional skin, followed by curettage and electrodesiccation applied in two to three repetitions to the lesion with highest cure rates noted when a substantial peripheral margin around the initial curettage, ranging from 2 to 8 mm, is employed. High 5-year cure rates (of up to 98.8%) have been obtained after EDC of primary, non-fibrosing BCCs of medium-and high-risk areas of the face when performed by a skilled operator [41] . However, one study demonstrated that cure rate decreased as a function of primary lesion size: for lesions smaller than 1.0 cm, the cure rate was 98.8%; for lesions between 1.0 and 2.0 cm, 95.5%; and for lesions larger than 2.0 cm, 84% [42] . In terminal hair-bearing sites, extension of neoplastic cells down follicular structures could also lead to incomplete removal or an increased risk of recurrence [43] . Cosmetic outcome following EDC on the trunk and extremities generally results in flat white macules or patches but can lead to atrophic, hypertrophic, or keloidal scars. In the authors' experience, surgical excision often leads to a better cosmetic outcome on the face compared with EDC. For appropriately selected lesions and locations, EDC remains an efficacious and cost-effective treatment modality for BCC [44] .
Cryosurgery BCC can also be treated with cryosurgery (liquid nitrogen, −196°C) by using the basic principle that freezing cycles with subzero temperatures result in sloughing of the damaged tissue and subsequent healing. The subzero temperatures induced by cryosurgery cause cellular structural changes that result in cell death. At least two freeze-thaw cycles with a tissue temperature of -50°C and duration of freezing of 40 to 60 seconds are required to destroy malignant lesions, including BCC. In addition, a margin of clinically normal tissue must be destroyed to eradicate subclinical extension [44] . A systematic review of recurrence rates published during a 27-year period indicated that cryosurgery treatment of primary BCC resulted in a 5-year recurrence rate ranging from 4% to 17% [45] . It is important to note that with cryosurgery there is no histologic confirmation of removal and that a scar-like area may develop after treatment and obscure the clinician's ability to evaluate the site for future recurrence.
Non-surgical options
Topical therapy for basal cell carcinoma Imiquimod Imiquimod 5% cream, a Toll-like receptor 7 agonist, is approved by the US Food and Drug Administration (FDA) for the treatment of biopsy-confirmed, primary superficial BCCs less than 2 cm. Imiquimod is believed to induce interferon-alpha, tumor necrosis factor-alpha, and other cytokines to boost T helper 1 type immunity. In clinical trials of imiquimod for superficial BCC, clinical and histologic clearance rates for dosing five and seven times per week were 75% and 73%, respectively [46, 47] . Although imiquimod is generally well tolerated, local erosion/erythema/crusting and scabbing do occur and correlate with histologic clearance rate [47] . Duration of treatment varies with local response and physician experience, and superficial BCC is generally treated with a 6-week course. In a recent trial of 202 patients with superficial BCCs who received photodynamic therapy (PDT) with methylaminolevulinate and 198 patients who received imiquimod with 12-month follow-up, the authors demonstrated the superiority of imiquimod in subgroups of females, for superficial BCC on the trunk, and for large tumors [48] . In another recent multicenter trial, 501 participants with nodular or superficial BCCs (excluding nose, temple, eyelids, and ears) were randomly assigned imiquimod daily for 6 weeks (n=254) or surgical excision (n=247) and followed for 3 years [49] . At year 3, 84% of patients in the imiquimod group were treated successfully compared with 98% who underwent excisions; there was no clear difference noted between groups in patient-assessed cosmetic outcomes. Successful treatment was defined as no initial treatment failure or signs of subsequent local recurrence.
Although imiquimod can be considered for small superficial BCCs, it has not been demonstrated to be safe or efficacious for the treatment of other histologic subtypes of BCC. It should also be noted that the cost of imiquimod may exceed the costs of destructive or surgical modalities of treating BCC [50] . Imiquimod cream may be considered for patients with small superficial BCCs in low-risk anatomic locations who are unable or unwilling to undergo destructive or surgical treatments.
5-Fluorouracil
5-Fluorouracil (5-FU), available as 2% or 5% solution or a 5% cream, is a topically applied pyrimidine analog that acts as an antimetabolite and is used in the treatment of actinic keratoses, and the 5% cream has also been used to treat superficial BCCs. In a recent single-blind noninferiority multicenter trial of non-surgical treatments for superficial BCC, it was found that topical 5-FU (used twice daily for 4 weeks) was non-inferior, and imiquimod (used once daily 5 days per week for 6 weeks) was superior to PDT (two sessions) using methylaminolevulinate [51, 52] . One study with no follow-up noted a 90% histologic clearance rate for superficial BCCs treated with 5-FU after 3 weeks of treatment [53] . It is important to note that most BCCs occurring on the head and neck are not of the superficial histologic subtype (more commonly found on the trunk) but rather are nodular and would be more appropriately treated surgically if not medically contraindicated. Notably, a recent finding from the Veterans Affairs Topical Tretinoin Chemoprevention Trial, which included 1,131 high-risk veterans who were followed for 2 to 6 years, revealed that one of the predictors of the development of a morpheaform BCC was a history of the use of fluorouracil, although fluorouracil use was not associated with an increased risk of BCC overall [54] . The authors of that trial postulated that the efficacy of fluorouracil in eliminating superficial BCCs while not fully eradicating morpheaform BCCs may be responsible for this association or that the fluorouracil may be treating cancer cells on the surface of BCCs, leaving a deeper component to proliferate.
Photodynamic therapy
PDT involves the activation of a photosensitizing drugaminolevulinic acid (ALA) or methylaminolevulinateby visible light to produce activated oxygen species that destroy the constituent cancer cells via a product of intracellular protoporphyrin IX, which preferentially accumulates in tumor cells [55] . The long-term cure rates for superficial BCC with PDT remain around 75%, and because of the appreciable non-response and recurrence rates, patients should be monitored closely during the first 2 to 3 years after PDT, which is when most lesion recurrences are seen [56] . A recent study comparing fractionated 5-ALA PDT after partial debulking with standard surgical excision of nodular BCCs reported a 30.7% recurrence rate in the ALA-PDT group versus 2.3% in the surgically treated group with 5-year follow-up [57] . The Cochrane Collaboration noted that cosmetic outcome for PDT was significantly better than for surgery [58] . However, there were comparatively high failure rates associated with PDT when compared with surgery, radiotherapy, and cryotherapy. Given that PDT requires a number of office visits and monitoring, it should be reserved for patients who cannot undergo surgical treatment modalities or who have multiple nonaggressive BCCs.
Radiation therapy
Radiation therapies, including external beam radiation, superficial x-ray therapy (XRT), and brachytherapy, have all been used in the treatment of BCC. Although the details of each are beyond the scope of this review, a basic understanding of these treatment modalities and their efficacy in the treatment of BCC is imperative. Superficial x-ray differs from electron beam radiation therapy in that, in the former, light is the energy source rather than a charged particle, and the beam and delivered dose are more tightly cuffed to the intended treatment area [59] . A retrospective review of 712 BCCs (631 nodular and 81 superficial) treated with five sessions of superficial XRT demonstrated recurrence rates of 2% at 2 years and 4.2% at 5 years [60] . This may be a valuable treatment option in patients who are not surgical candidates or who refuse surgical intervention for BCC. However, radiation therapy has several disadvantages, including lack of histologic verification of tumor removal, prolonged treatment course requiring many visits, cosmetic result that may worsen over time (cutaneous atrophy and telangiectasia), and predisposition to aggressive and extensive recurrences. External beam radiation therapy can also be used as the primary treatment of low-or highrisk BCCs in patients who are not surgical candidates or as adjuvant therapy for BCC where postoperative margins are positive or for perineural involvement [44] . Another radiation modality, termed brachytherapy, involves placing the radioactive source onto or into (interstitial) the body versus external beam radiation therapy, in which the source is at a distance from the intended target tissue. Brachytherapy therefore is a more localized treatment and is most effective for small (less than 2 cm), primary, or superficial (less than 2 mm deep) BCCs, leading to excellent functional and cosmetic results. The efficacy of interstitial brachytherapy for BCC has yet to be thoroughly studied, but one randomized control trial of 347 patients with primary facial BCCs randomly assigned to surgery or interstitial brachytherapy revealed 4-year recurrence rates of 0.7% for surgery and 7.5% in the brachytherapy group [61] .
Smoothened inhibitors
Prior to the introduction of the oral smoothened inhibitor vismodegib, treatment options for advanced BCC such as surgery, radiation, and chemotherapeutics such as cisplatinbased treatment were employed but lacked evidence of efficacy because of a lack of clinical trials. It was identified that the majority of mutations in sporadic BCCs and BCCs in patients with Gorlin syndrome or BCNS occur in PTCH1, a protein that inhibits the smoothened pathway and is crucial in the hedgehog signaling pathway [62] [63] [64] . The second most common mutation in sporadic BCCs is a gain-of-function mutation of the smoothened gene, which leads to an increase in GLI1 levels, changes in transcription, and subsequent tumorigenesis [65] . In 2012, vismodegib, the only smoothened inhibitor commercially available in the United States, gained FDA approval after a phase II study with 96 advanced BCCs demonstrated an independently assessed response rate of 30% in patients with metastatic BCC and a 43% response rate in locally advanced BCC [66] . The side effects of the smoothened inhibitors include muscle spasms, taste disturbance, alopecia, nausea, and fatigue [67] . In one study of vismodegib in BCNS, side effects led to discontinuation of the drug in over half of treated patients [68] . It is the authors' opinion that one crucial unanswered question is whether vismodegib will impact progression-free survival or overall survival in advanced BCC. Another valuable use for vismodegib is in patients with BCNS. A recent study of 41 BCNS patients followed for a mean of 8 months revealed a per-patient rate of new surgically eligible BCCs of 2 versus 29 per year for placebo in addition to a reduction in size of BCCs present at baseline [68] .
Although there is certainly a role for targeted molecular therapy in advanced BCC and BCNS, the authors are weary of its use for so-called "unresectable" BCCs and in patients who have been classified as "non-surgical candidates". Our concern is that, with the variability in surgeon comfort and willingness to tackle challenging cases, coupled with the fear of operating on patients who are elderly and frail or have comorbid conditions, vismodegib may become overused. In addition, one must be aware of the cost of vismodegib, which is approximately $8,600 per month, and a typical course lasts 10 months [69] .
Follow-up
The NCCN recommendations for follow-up of patients with BCC include 6-to 12-month total body skin cancer screenings by a dermatologist, sun protection measures, and skin self-examinations [15] . An estimated 40% to 50% of patients with primary BCC will develop at least one BCC within 5 years and should be counseled accordingly [70] .
Conclusions
The anatomic site, size of the tumor, and histologic features dictate the management of BCCs. The risk of advanced disease is low but, when present, is associated with significant morbidity and thus the authors advocate choosing an effective and appropriate initial treatment modality for BCCs to ensure eradication of the tumor. In cases of advanced BCC, a multidisciplinary approach involving surgical and medical oncology may be required, and targeted molecular therapy may be considered. In a prospective cohort study of 1,360 patients with nonmelanoma skin cancer, the authors found that most nonmelanoma skin cancers were treated surgically regardless of whether the patients were considered to have "limited life expectancy" [1] . In this study, "limited life expectancy" was defined as age of at least 85 years or patients with "multiple comorbidities". Although we feel that there is certainly value in assessing an individual patient's health status and treatment goals, we urge readers to be cautious not to withhold treatment to the point of functional compromise, which may greatly diminish quality of life in the elderly. We have provided a comprehensive and up-todate review of the various treatment modalities for BCC. Given the fortunate rarity of advanced BCC, there is a paucity of longitudinal large studies examining this population; however, we encourage more rigorous tracking and study of such cases in the future to better stratify risk and understand treatment of this subset of disease. 
Disclosures
The authors declare that they have no disclosures.
